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(54) Voltage measurement instrument having transient overvoltage input protection

(57) A voltage measurement instrument such as a
digital multimeter is provided with transient overvoltage
input protection. Internal walls are integrally molded with
the instrument case and disposed in close proximity to
the input receptacles and terminals to separate conduc-

tive surfaces and provide transient overvoltage barriers.
Top and bottom wall portions are fitted together in
tongue-and-groove fashion to increase the creepage
and clearance path without increasing the linear dis-
tance between conductive surfaces. This arrangement
also allows the instrument to maintain a low profile.
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Description

Background of the Invention

[0001] This invention relates generally to overvoltage
input protection for voltage measurement instruments,
and in particular to hand-held digital multimeters having
transient overvoltage input protection.

[0002] A numberof international standards have been
implemented to govern safe use of electronic test equip-
ment. To sell products in many markets, the products
must conform to the standards, that is, the products
must be in compliance with the essential requirements
of such standards.

[0003] One such international safety standard is the
Intemational Electrotechnical Commission pilot stand-
ard (IEC) 644-1 (1992) entitled "Insulation Co-ordination
For Equipment Within Low-Voltage Systems." Derived
from IEC 644-1 is the product standard, IEC-1010,
which uses the concept of overvoltage categories (CAT
| - CAT IV) in setting forth the requirements of protection
from overvoltage transients that may appear at the in-
puts of electronic measurement apparatus while a volt-
age source is being measured. Overvoltage transients
usually are randomly-occurring, abnormally high volt-
age spikes or pulses that may last from a few nanosec-
onds in duration to a few milliseconds. Those contem-
plated by IEC-1010 are modeled by a pulse having a
risetime of 1.2 microseconds, with a decay time, to 50%
of peak, of 50 microseconds, and are designated as 1.2
X 50 psec pulses. Such overvoltage transients may be
introduced from lightning strikes, high-voltage switching
circuits effecting the source, ac power faults, or electro-
static discharge.

[0004] Overvoltage categories are used to differenti-
ate locations based upon the probability that an over-
voltage transient can cause a hazard. CAT |V is the util-
ity feed, CAT Il is the main distribution system, CAT ii
is the plugs in the wall, and CAT | is controlled energy
circuits. CAT Il circuits represent the most hazardous
since common test equipment is used in these circuits.
CAT Il circuits can provide substantial amounts of en-
ergy. If the measurement apparatus is a hand-held dig-
ital multimeter (DMM) designed for measuring voltages
and other electrical phenomena, the result of an arc oc-
curring inside the DMM with follow-through energy add-
ed can be catastrophic and/or injurious. Thus, the risk
associated with CAT Il circuits can be great.

[0005] The IEC-1010 standard provides for spacing
requirements between conductive surfaces for a given
maximum input voltage rating, pollution degree, and ov-
ervoltage category. These spacings are referred to as
"creepage" distances along surfaces and "clearance"
distances from point to point through air. Of course, larg-
er distances enable electronic measurement instru-
ments to withstand higher-rated voltages and some of
the higher overvoltage transients that may be found on
a system being measured.

10

15

20

25

30

35

40

45

50

55

[0006] Hand-held DMMs are typically small and com-
pact, and voltage input terminals are necessarily phys-
ically located a short distance from one ancther. It would
be desirable to provide a voltage measurement instru-
ment having the highest transient overvoltage input pro-
tection attainable without adding complexity, bulk, or
cost.

Summary of the Invention

[0007] In accordance with the present invention, a
voltage measurement instrument such as a digital mul-
timeter is provided with transient overvoltage input pro-
tection. Internal walls are integrally molded with the in-
strument case and disposed in close proximity to the in-
put receptacles and terminals to separate conductive
surfaces and provide transient overvoltage barriers. Top
and bottom wall portions are fitted together in tongue-
and-groove fashion to increase the creepage and clear-
ance path without increasing the linear distance be-
tween conductive surfaces. This arrangement also al-
lows the instrument to maintain a low profile.

[0008] It is therefore one object of the present inven-
tion to provide transient overvoltage input protection in
a voltage measurement instrument.

[0009] It is another object to provide overvoltage bar-
rier walls between conductive surfaces in a hand-held
digital multimeter wherein the creepage and clearance
path is lengthened without increasing the linear distanc-
es between such conductive surfaces.

[0010] Itis afurther object to provide a hand-held dig-
ital multimeter that meets international safety standard
IEC-1010 without increase increasing bulk, size, or
complexity.

[0011] Other objects, features, and advantages of the
present invention will become obvious to those having
ordinary skill in the art upon a reading of the following
description when taken in conjunction with the accom-
panying drawings.

Brief Description of the Drawings

[0012]

Fig. 1 is a perspective view of a digital multimeter
incorporating the present invention;

Fig. 2 is an exploded perspective view of a digital
multimeter incorporating the present invention;
Fig. 3A is a cross-sectional view of the digital mul-
timeter of Fig. 1 in accordance with one embodi-
ment of the present invention;

Fig. 3B is a cross-sectional view of the digital mul-
timeter of Fig. 1 in accordance with a second em-
bodiment of the present invention;

Fig. 4 is a cross-sectional view of one overvoltage-
barrier wall showing the creepage and clearance
path; and

Fig. 5 is a plan view of an alternative configuration
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wherein the overvoltage-barrier walls are shaped to
conform to the layout of voltage potentials or circuit
components.

Detailed Description of the Invention

[0013] Referring to Fig. 1 of the drawings, there is
shown a perspective view of a digital multimeter 10 hav-
ing overvoltage protection in accordance with the
present invention. Multimeter 10 has a top case portion
12 and a bottom case portion 14 molded of a suitable
plastic material to provide a housing for electronic meas-
urement circuitry. Multimeter 10 also has a clear plastic
lens or faceplate 16 to permit viewing alphanumeric
characters on a liquid crystal display (LCD), a rotary
function selector knob 18, operating mode switch push-
buttons 20 and 22, and input receptacles 24a, 24b, and
24c arranged in a row.

[0014] It is in the area of the input receptacles that
attention will be focused in this description. Receptacle
24a may, for example, be a 10-ampere (10 A) input re-
ceptacle. Similarly, receptacle 24b may be a ground or
common input (COM), and receptacle 24c may be a volt-
age and resistance (Volts/Ohms) input.

[0015] To facilitate understanding the invention and
comparison of illustrations, like elements have like ref-
erence numerals in all of the drawing figures.

[0016] Fig. 2 is an exploded perspective view of the
digital multimeter of Fig. 1 with the top case portion 12
and bottom case portion 14 separated to show internal
details of the multimeter housing. A circuit board 28 car-
rying the electronic measurement circuitry (not shown)
is seated inside the bottom case portion 14. The input
receptacles 24a, 24b, and 24c mate with and are elec-
trically connected to contacts or terminals 30a, 30b, and
30c. Accordingly, terminals 30a, 30b, and 30c may be
associated with high current, ground and high voltages,
respectively. Extending away from terminals 30a, 30b,
and 30c toward the electronic measurement circuitry are
circuit traces or conductors 32a, 32b, and 32c.

[0017] Integrally molded with the bottom of bottom
case portion 14 and an end wall 34 thereof, and extend-
ing away therefrom along at least a portion of the length
of circuit traces 32a-c are overvoltage barrier walls 36
and 38 which separate and isolate the terminals 30a-c
and conductors 32a-c. Walls 36 and 38 may be molded
of the same plastic as that used on the top and bottom
case portions 12 and 14, and are of sufficient thickness
to provide an isolation barrier between the conductive
surfaces of respective terminals 30a - 30c/conductors
32a - 32c¢. It should be noted that similar walls are mold-
ed integrally with the top case portion 12, as well, and
mate with the walls 36 and 38 when the top and bottom
case portions 12 and 14 are joined together, as shown
in Figs. 3A and 3B.

[0018] Fig. 3A is a cross-sectional view of the digital
multimeter of Fig. 1 in accordance with one embodiment
of the present invention, taken along the lines of x--x
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and looking into the multimeter body. Lower barrier walls
36 and 38 extend upward from the bottom case portion
14, and mate in tongue-and-groove fashion, so as to
provide a non-linear or circuitous creepage path, with
upper barrier walls 42 and 44, respectively, extending
downward from the top case portion 12, capturing circuit
board 28 therebetween. Lower walls 36 and 38 each
have shoulders upon which the circuit board 28 rests,
and include a tongue portion 36', 38" which extends up-
ward into a groove provided in each of upper walls 42
and 44. The assembly fits together with close tolerances
to minimize any air gaps which may provide an arc path
for overvoltage transients.

[0019] Fig. 3B is a cross-sectional view of the digital
multimeter of Fig. 1 in accordance with a second em-
bodiment of the present invention, taken along the lines
of x--x and looking into the multimeter body. In this em-
bodiment, lower barrier walls 36 and 38 extend upward
from the bottom case portion 14 through slots in circuit
board 28, which rests on the bottom case portion 14.
Parallel upper barrier walls 46a, 46b and 48a, 48b ex-
tend downward from the top case portion 12, capturing
lower wall 36 between upper walls 46a and 46b, and
lower wall 38 between upper walls 48a and 48b. This
assembly, like that of Fig. 3A, fits together with close
tolerances to minimize any air gaps which may provide
an arc path for overvoltage transients. As mentioned
earlier, the spacings between conductors are referred
to in international safety standard IEC-1010 as "creep-
age" distances along surfaces and "clearance" distanc-
es from point to point through air. By inspection, it can
be seen the creepage path provided by this embodiment
is longer than that of the embodiment of Fig. 3A.
[0020] Referring to Fig. 4, which is a cross-sectional
view of one overvoltage-barrier wall comprising a lower
wall 38 and an upper wall 46a, 46b separating two con-
ductors 32a and 32b, the dimensions of the creepage
and clearance path (CCP) may be calculated from in-
formation given in the international safety standard IEC-
1010. Table 1 shows the total creepage and clearance
path in millimeters for 15 kilovolt and 20 kilovolt ratings
for 50/60 Hertz sine waves, 1.2 X 50 microsecond puls-
es, and as combination of both.

TABLE 1
CCP 15kV | 20 kV
50/60 Hz Sine 24.42 34.2
1.2 X 50 psec Impulse 18.0 25.15

[0021] The creepage and clearance path is shown in
Fig. 4 as a heavy line CCP connecting conductors 32a
and 32b through a non-linear, circuitous path around the
tongue portion 36' of lower wall 36 which is enclosed by
upper walls 46a and 46b. The circuitous nature of CCP
within the wall separating conductors 32a and 32b al-
lows conductors 32a and 32b to be much closertogether
than would otherwise be permissible. Let the dimension
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1, which is the thickness of the tongue portion 36' of wall
36, be equal to 0.060 inch (1.524 mm), and the dimen-
sion d; be equal 0.1 inch (2.54 mm). This is the distance
from conductor 32a to tongue portion 36' or from con-
ductor 32b to tongue portion 36'. The dimension d, for
the height of the tongue portion 36' may be calculated
from the length of CCP minus the other distances in the
path. That is, 2d,, = CCP - (1 + 2d,) because CCP =1 +
2d; + 2d,,. For a minimum creepage and clearance path
of 34.2 millimeters for a 20 kV rating from Table 1, d,, =
13.8 mm, or 0.543 inch. For a minimum creepage and
clearance path of 24.42 millimeters for a 15 kV rating
from Table 1, dj, = 8.91 mm, or 0.351 inch.

[0022] The total wall thickness must be large enough
o serve as a solid dielectric between conductors (e.g.,
between conductors 32a and 32b) such that there can
be no arcing through the wall (i.e., tongue portion 36" in
combination with upper walls 46a and 46b as shown in
Fig. 4).

[0023] One large advantage of the non-linear or cir-
cuitous creepage and clearance path can now be readily
understood in terms of linear spacing. That is, for a 20
kV rating, for example, conductors 32a and 32b physi-
cally may be spaced about 6.6 millimeters apart while
the rated creepage and clearance path between these
conductors is 34.2 millimeters in the example given
above.

[0024] With all of the dimensions and distances
known from the foregoing calculations, total thickness T
for the multimeter shown in Fig. 4 can be calculated as
well. Assume, for example, the thickness of the upper
case portion 12, lower case portion 14, and circuit board
28 are all 0.060 inch. Then, from T = 2d,, + 3t, total thick-
ness T is aminimum of 32.172 mm (1.267 inch) for a 20
kV rating, and a minimum of 22.392 mm (0.8816 inch)
for a 15 kV rating. The dimensions used herein are for
illustrative purposes only, and any dimensions may be
used so long as the minimum creepage and clearance
paths for conditions set forth in Table 1 are met.
[0025] The overvoltage-barrier walls need not be of
uniform thickness and may be curved or adapted to con-
form to the shape of the layout of voltage potentials or
circuit components. Fig. 5 is a plan view of the bottom
case portion 14 in an alternative configuration wherein
the overvoltage-barrier walls are shaped to conform as
desired. Note that lower wall 38 is bifurcated to provide
a partial enclosure of a fuse resistor 50.

[0026] While we have shown and described the pre-
ferred embodiment of our invention, it will be apparent
to those skilled in the art that many changes and modi-
fications may be made without departing from our inven-
tion in its broader aspects. It is therefore contemplated
that the appended claims will cover all such changes
and modifications as fall within the true scope of the in-
vention.
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Claims

1. A voltage measurement instrument having tran-
sient overvoltage input protection, comprising:

a top case portion and a bottom case portion
which are joined together to provide an instru-
ment housing;

a circuit board disposed in said housing;

at least two input receptacles disposed in said
housing and having terminals electrically con-
nected to conductors on said circuit board; and
a barrier wall disposed between said input re-
ceptacles and extending along said conduc-
tors, said barrier wall formed of an upper wall
and a lower wall joined so as to provide a cir-
cuitous creepage and clearance path therebe-
tween.

2. A voltage measurement instrument in accordance
with claim 1 wherein said upper wall and said lower
wall are formed integrally with said top case portion
and said bottom case portion, respectively.

3. A voltage measurement instrument comprising at
least two input receptacles within a housing, each
input receptacle having a terminal electrically con-
nected to a conductor within the housing, the instru-
ment further comprising a wall extending between
the or each pair of conductors.
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